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This report detai]s the aliu]ysos ulld ro.su]tD of ,'i l_ost pro$;r;llll I.o t,;_tliil] Ish

the effeet,s of ]ong-tern_ (10 year.<; or nior(,) contact (if iliat(,ri;lls wJtl_ etiFth-

storable propel.'lallts for the purpose of des]gllinl, them:Lea] propulsion syfltt, lll

components which can be used for current as we]l as future p]nnetary si};icocr,qft.

This report covers the period from the publication of Jl'l, TM 33-779 _ll 1_)76

thrmtgh the testing accomplished Ln 1981.

The following propellants are reported here:l.n: hydrazlne_ illonoinettiyl-

hydrazine and nitrog(m tetroxlde. Materials included the fo]lowl,ll,: a]ullllllunl

alloys, corrosion resistant steels and a tital_ium alloy. The result,_i of the

testing of more than 80 specimens are :Included. blaturJa] ratlnl,s relative' to

the ten-year milepost have been assigned.

Some evidence of propellant decomposition was found. Titanium i:J rated as

acceptable for ten-year applications. Aluminum and stainless steel alloys are

also rated as acceptable with few restrictions.
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I. OBJECTIVES

The basic objective of the NASA propellant/materlal compatibility program

is to obtain detailed compatJbi]lty data for periods up to lO years or longur.

Concommitant obJecLlves are the developlaent of (l) a standard _est methodology,

(2) basic procedures for compatibility testing and analysis, and (3) a systc.m

of rating the materials for compatibility in long-term applications,

The scope of the test program was established to serve the needs of Ions-

term planetary spacecraft. The "real-time exposure testing" approach was

chosen as the most productive method of determining the aeceptabillty ef

materials of construction for chemical propulsion systems.

The test program is comprehensive. Materials are tested unstressed and

stressed in each propellant. Groups of materials are tested in (I) blmeral

separated, (2) bimetal contact, (3) welded, (4) brazed, (5) plated _._d

(6) coated configurations. In addition there are control units containing only

propellants to monitor the behavior of the propellant itself.

A summary of the specimens remaining in storage is presented in Appendi_ A.

The metals include aluminum alloys, corrosion-reslstant steels and titanium

alloy. Nonmetals include fluorocarbon coating or grease, ethylene propylene

terpolymer and butyl rubber compound elastomer. Whenever possible, these were

procured and certified to meet military specifications or equivalent specifica-

tions used in aerospace applications. A detailed description of these is given

in Ref. i. The emphasis has been on materials appropriate to small liquid-

propellant thrusters. Most of the materials originally placed into storage

were those typically used in the Viking Orbiter 1975 propulsion system.
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Preparation of specimens and the assembly of the test u'.lJts are detailed

in Ref. 1. The procedures used for capsule loading are outlined in Fig. ]. The

pretest propellant assays are given in Appendix B.

The test container was made of borosilicate g]a,-.s ("Pyrex"). The design

was such that i _. could bc completely sealed with the propellant and specimen in

contact w[I/]l only [.he glass, hltcrna] pressure J.n thu g];iss c;ipstl]et_ it4 mon-

Itored by attached strain gauges. Earlier capsule designs utilizing an attacimd

bourdon gauge had the disadvantage of propellant |nteractlon with gauge material.

Capsule loading was accompli:_hed under clean room conditions, The specimen

was inserted into the capsule and a glass transition section fused to the

capsule opening. Propellant was adi:;itted either by the use of a glass syringe

or by distillation. The propellant was frozen; the nitrogen used to blanket

the propellant was evacuated, and the capsule tipped off by fusing the glass.

After completing the final seal, the capsules with specimens in place

were maintained with the propellant frozen. This allowed for safer handling

and shipping, and also inhibited any premature chemical reaction. The

capsules were shipped to ETS and placed in storage in a special test facility

held at a constant temperature of 43 ° +I°C (110 +2°F).

Under the general program plan, a few test units were due to be removed

semiannually for posttest analysis. However, this schedule was not adhered

to, and capsules were removed on an irregular basis. The criteria for removal

from test were (1) to obtain periodic data points for certain, widely used

metals, e.g., CRES 304L, (2) to analyze those test units in which the propellant

was discolored, thereby indicating a high degree of corrosion, and (3) to remove

from test for safety reasons those units indicating pressures greater than

34.4N/cm2(50 psia). The last criterion proved unsatisfactory because the

strain gauges often gave spurious results, especially as they aged.
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The Important observations are lJsted:

(1) Weight.

(2) Appearance and location of the liquid/vapor in_erfaee boundary.

(3) Presence and distrxbution of deposits, stain or film.

(4) Streaks, mottling or spotting of surfaces.

(5) Crystalline deposits.

(6) Flaking and/or cracking of f_ims.

(7) Extent and location of etching.

(8) Extent and location of pittlag_ size of pits.

(9) Extent and location of cracking.



IV. MATERIAL RATIN(;S

The criteria for the determination of long-term propellant/material

compatibility ratings are fully covered in Ref. 1. The general scheme for

determining the final ratings is shown in Fig. 6. The materials rating syst_n

has been established to derive engineering information and design guidelines

for JPL test programs. The system provides for:

(i) A basis for selecting structuzal or component material candldates

based on the application and operating environment.

(2) A basis for rating the acceptable materials In terms of the best data

currently available.

The classification and s_nbols used are:

A = acceptable

N -- not acceptable

I = incomplete compatibility data with respect to conditions or duration

of exposure

R = restricted compatibility due to corrosion of materials or propellant

degradation at conditions that could influence the mission, component

or operating specifications.

A. HYDRAZINE/MATERIALS, 10-YEAR COMPATIBILITY RATINGS

Based upon the rating system discussed in the previous section, the com-

patibility ratings for materials in contact with hydrazine-f=_ i0 years at 43°6

(llO°F) are summarized as follows:

Material Rating Qualification

Propellant only A R

Aluminum alloys A R

6061-T6, 2014-T6

Corrosion reslstant steel N

302 and 303

304L, 316, 347, 17-7 A R

430, 446_ 355

350 N I

Titanium alloy A .............

6AI-4V

i0

|
Y
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Material Rating Qual J fJcat ion

Others

Braze A I

Gold plate A 1

Polymers

AFE-332 A l

1. Hydrazlne

Decomposition of the propellant resulted mainly from contaminants in

solution and tile cata].ytic ¢,ffects of metalu, alld, generally, the rate of

decomposition was acceptably low, i.e., less than 0.1% per year for both the

MIL-P-26536B specification grade and the lmrifted hydrazine. Tlm hydrazine

rating Is restricted only in presence of contamination and/or catalyzing m¢:tal
ions.

2, Aluminum Alloy, Type 6061-T6, 2014-T6

During analysis of this aluminum alloy, the main features notL.d were mod-

erate corrosion and the formation of a surface film, som_. of which flakt.d off.

The film did not appear to catalyze propellant decomposition. The aluminum

alloy rating is restricted because of the possibility of oxide ]a;'er flaking :rod

plugging filters.

3, Corrosion-Resistant Steel., Types 302 and 303

A]l capsules with these alloys were found to contain excessive pressure.--

These CRES alloys are rated not acceptable because of excessive catalysis of the

propellant.

4, Corrosion-Resistant Stee], Types 304L, 316, 347, 17-7, 430, 476,

355, 301

These specimens were found to contain some random corrosion and discrete

pitting, with only a thin film formation. A quantity of iron was transferred to

the solution, and this can catalyze hydrazlne decomposition. However, exct_pt

for a few anomalies, e.g., the 347 weld stress and a 304L weld-stress, the

hydrazine decomposition rates were low. These CRES alloys are restricted only

because of rossible contamination problems and possibly a catalytic interaction

in weld-stress specimens.

5. Corroslon-Resistant Steel., Type AM 350

This alloy produced unacceptably high levels of propellant decomposition and

is rated not acceptable. However, the rating is considered incomplete because

of insufficient data.

12



6, 'l'|tanium AI]oyt Type 6A]-4V

The genera] effoc'Ls m_ted In Lhl.s ;Jlloy wore tile, lrreguJar forlnatloll _f

e(}rros[Oll products Oil t]l¢_ surf_l{:(.,,q--partleu]arly Jn the vapor exposed nrea -

and minor pl.ttlng. Film buildup was very thin. Apparently mine ¢)f the, tiL;,nJum

dis.qolved in hydrazine, and the catalytic activity was w, ry low.

7. Others

a. Braze. A 301 Cryo/304], t;mk-t_)-dlaphra_;m weld sllowed no evldvnce

of c!ot'rosfon; ]hqw(,ver_ tim rat_' of l)rUl)el]atlt doconlpo,_.lLlon wa:;

0.2% per year, Tills alloy is glVell gill aco.el)tal)le rating; Imw-

ew, r, these are Incomplete data because ollly (ule specimen was

tested,

b° Gold plating. Imperfections (pl.tttng or porosity) :in the plating

a].lowed the propellant t¢) interact with the substrate. This

produced nonuniform blisters and to a minor extent _ affected

tlm bonding integrity of the plating to the metal. The acceptable

ratillg is Lneompl.ete because of [nsuffJ.c[ent data,

8. Pol.ymerie, Type AFE 332

No serious degradation of this pol.ymer was observed after a three-year

exposure, even in the stressed configuration. The acceptable rating is incomplete

because data t.s lacking for lO-year period.

|
y

B. blONOMETHYI.HYDRAZINE/FBVI'ER1ALS IO-YEAR COMPATIBILFPY RAT1N(;S

Compatibility ratings for materials in contact wJ:th monomethylhydrazine for

i0 years at 43°C (ll0°l :) are summarized as follows:

liaterial Rat i ng Qua1 i fier

Propellant only A

A1 uminum all oy

6061.-T6 A I

Corrosion-resistant steel

304L, 342 A

Titanium alloy

6AI-4V A l

.

,3 .I



i. Monomethylhydraz:f ne

The rate of decomposition of this propellant _n contact w|Lh any of the

materials tested was acceptably low for the lO-year period, i.e., ]_ss than

0.1% per year.

2. Aluminum Alloy, 6061-T6

The primary effect noted on the surface of this alloy was a very thin,

even oxide coating which did not appear to flake. Although up to i00 ppm of

aluminum was found to be dissolved in the propellant, no catalytic effect was

noted. The acceptable rating is incomplete because at this point only two speci-

mens have been tested.

3. Corrosion-Resistant Steel, Types 304L and 347

Both types of stainless steel alloys exhibited only minor corrosion with a

surface film formation. Considerable iron was dissolved (i00 ppm) but the

catalytic effect was small.

4. Titanium Al]oy, Type 6AI-4V

Corrosion of this alloy was light, but corrosion products were deposited

in the vapor-exposed area and at the liquid-vapor interface. A small quantity

of very fine sediment was found in a capsule that also contained chloride

contamination. The acceptable rating is incomplete because only two specimens

have so far been tested.

|

C. NITROGEN TETROXIDE/MATERIALS IO-YEAR COMPATIBILITY RATINGS

Compatibility ratings_ for materials in contact with nitrogen tetroxide

MON-I for i0 years at 43°C (II0_F) are summarized as follows:

Material Rating Qualifier

Propellant only A

Aluminum alloy

6061-T6 A R

Corrosion-resistant steel

302, 303, 304L, 316, 32L,

347, 17-4, 17-7

Titanium alloy

6AI-4V

Nickel

A R

14



l, Nltrol%en textroxldo MON-I

This i_rop¢,ll;ult was foulld to be stable whell ill collt;icL w|th ;lily t)]" tilL'

lllaterla}.s testt_d.

2. A]umtrmm A.Iloy - 6061-T6

The pr[mary ¢_ffects noted In t|ds alloy were eo|'rosioll and form;ilion of a

surface ftl.lll. Corrosion was minor because of tile protective nature of the fllln.

Tile rating of this alloy is restricted only because of the possibility of the

oxide laye.r fl;ll<lng ;Hid plug, glng filters.

3. Corrosion-Rcs lst:ant Stee l, Types 302, '_03, 3041., 316, 321, 347, I 7-4

,'rod 17- 7

In _il] CRES a] Ioys, only very minor corrosion was seen. However tile ratillg

Is restricted due to tile troll nitrate dissolved from the surface of tile metal

with possible flow duchy problems in certain applications.

4. Titanium All.oy, Type 6AI-4V

Only minor corrosion was seen 'in this alloy_ usually as a spotty grey

appearance. Oxide formation,_ were nonuniform and showed signs of cracking, but

not flaking. Thin film appeared to adhere tenaciously and did not dissolve In

the propellant.

5. Other: Nickel

Extensive corrosion was observed with flaking of the oxide coating leaving

a heavily etched surface. The propellant also contained dissolved nickel.

15



V. CONCLUS IONS

|

A. HYDRAZ i N]'_"

Under the controlled environmental conditions, ;rod In tlm absence of metal

surfaces and degrading contaminants, the rate of decomposition of hydrazlno Jn

these tests was determined to be 0,015_ per year. ]n tile presencv of metal

specimens, the decomposltaon of hydrazlne was within an order of magnltudo of

the rate of the propellant cotltrol samples, i.e., less than O.ISZ per year. 'I'ht.

few exceptions to tills were all CRES alloys and the reasons for the, greater

rate of decomposition were not readily apparent, lll gone.re], howvver, none ¢1|

the tested materials would_ with few exceptions, cxcesstw_ly c;Italyzt, the

decomposition of hydrazine during long-term (10-year) missions.

B. ,[ONOMETHYLHYDRAZ IN E

the rate of decomposition of propellant, FNII, In those tests was quite-

small: 0.02 to 0.10% per year. The _-orrosion products of aluminum aleph'areal tt_

cause, only an insignificant amount of decomposition, wherries the metal ions or

corrosion products of CRES alloys or titanium seemed to catalyzv the deeomposl-
tion somewhat more.

The dissolved iron from CRES was higher in b$1H than is generally seen in

the hydrazine propellants, but the catalytic effect of this ferric ion was

obviously less with MMII. Even the highest concentration of iron - 100 ppm -

yielded a decomposition of only I..].% in ll years. It would appea_ that the

materials tested would not excessively catalyze the decomposition of monomethyl-

hydrazine during long term (lO-year) missions.

C. NITROGEN TETROXIDE MON-I

No evidence of propellant decomposition has been found. Given the chemical

nature of NTO, about the only change possible would be disproportionatlon into

various other oxides of nitrogen, and this disproportionation usually requires

more severe conditions (very much higher temperature) than were present in these

tests. The CRES alloys, however, did provide enough dissolw, d iron to cause a

possible flow decay problem in certain systems.

16
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Totg 56 2 4 3 2 9

I I

I I

I 3 I

14 16

6

4 I 2 2817

('()nlhlg_

3

2

I

!

2

1 2

2 2
0

2 3 3

2 5 622

28

28

'l'o(=d

2

8

2

4

34

i

6°

S

2

II

2

28
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Material

301 CRYO

304L CRES

316

446

6AI.4V Ti

AFE-332

wr.t0

N 2H4

Total

Slug

ORIGINAL PAGE |7
OF POOR QUALITY

Table A-2, Specimens in purified h'

Bimetal

contact

g_

Stressed

(stressed

to 67'_

of yield)

e

3 3 2 i

gdrazine (VL.75)

Welded Brazed Controls Total

m

4 I

i

26

6

32 4 7 2 1 4 2

t_

2

13

I

$

2

30

6

4 4, .

! 4 63

21



Material

m

606 i-T6 A!

6AI-4V TI

Total

ORIGINAL IP/_._V';'_
OF POOR Q_,JA_.FFf

Table A.3. Specimens in hydrezlne.hydrazine nitrate

Stub

Bimetal
contact

StreMed
(atte_aed
to 67%

of yield)

1 !

I 3 3

! 1 4 3

Welded Total

2 4-

4 12

6 t6

|

22



Matedal Sh'g

303 CRES 3

304L 2

316 3

347 2

606 I-T6 AI 3

6AI-4V Ti

Teflon-FEP 2

Teflon-TFE 4

MMlt (control

Total 19

Table A-4. Specimens in monomethylhydrazine (MIL.P.27404A)

Bimetal
contact

2 2

2 2

2- 4

2

I

2 2

StreMed
(atremed
to 67%

of yield)

t_

Welded Br_.ed

2 2

2

2 2

I 2

! 2

3 3

Controls Total

14

II

17

11

8

13

2

4

2 2
m

9 12 7 9 13 9- 2 2 82

23
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Material Slug

302 CRES 3

303 4

304L 4

316 3

321 3

347 2

416 3

17.4 4

17-7 3

$052AI 4

6061T6 2

7075 3

6AI4VTi 8

Niekel 5

N204 _L_.

Total 51

ORIGINAL Pr.t;:_:::I
OF FOOR QUALITY

Table A-5. Specimens in nitrogen tetroxide (MON-1) (MSC-PPD-2B)

Stres_d
(stressed

Bimetal to 67%

contact of yield) Welded

1 1

I i

I 1 2

7 3 2

2 4 4

16 8

8 8 7 25 8- 3

Coatings

l

4

Controls

t_
<

bll

3 o

2

5

15 $

Total

6

6--

10

3

7

18

3

5

5

4

19

3-

35

7

5

136 --

|
_f

24
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PretestPropellant Assays



OF poo_t Qu_,k_T¢

Table B-1. Assay of hydrszin¢

MII_P.26536B a

ConstlCuent of property specification limils Drum }!-3155 b Purified hydrazinc e

Hydrazinc assay, % by weight 97,5 rain 98.7 99.2

Water, % by weight 2,5 max 0.50 0.60

Density at 298 K (77°F)rg/cm 3 1,004 -+0,002 1,00A !.004

Particulate, pK/em 3 10 max 4,6 0.5

Ammonia, % by weight Not reqt)tred 0.07 0,06

Aniline, % by weight Not required 0.25 <5 ppm ND d

Carbon dioxide, ]Jbtil (ppm) Not required 55 19

Nonvolatile residue (ash) M_g (ppm) Not required 60 <5 ND

Dissolved metals, p$J_, (ppm) Not required

Iron 0.5 -_ 0.38

Aluminum 0.05 <0.05 ND

Nickel 1. I0 0.03

Manganese 0.35 0,04

Cobalt <0.5 ND <0,02 ND

Chromium O. 16 0.02

Copper 0.09 0.04

Zinc 0.13 0.01

Silicon <0.5 ND < 0.5 ND

Magnesium <O.Ol ND 0.01

Sodium 0.20 0.06

Potassium 0,05 0,04

Calcium 0.04 <0.04 ND

Barium <0.2 ND 40.2 ND --

Boron <10 ND < 10 ND

Dbsolved anions, p8,/8 (ppm) Not required

Fluoride 40.5 ND < 0.5 ND

Chloride 0.3 < 0.3 ND

Sulfate <0.5 ND < 0.5 ND

Nit_ate <0.5 ND <0.5 ND

aversion of hydrazine specification in force at the start of pm$ram.

bjPL assay replaces SRI assay (Ref. 2) erroneously reported in ReL I.

CM trtin Marietta Corp. Lot No. 51, JPL assay.

dNct detectable by method of analyds used.

26



Table B-2. Asley of monomethylhydrezlne uz0d in

material compatibility ten program

Constituent or property

MI L.P-2740A

Amendment 2 Assay of

_eelfleation N2113CII 3 prior
Ilmltm to fillin 8 capsules

MonomethylhydrazJne

(N2H3CH3) assay,

% by weight

Water, r_ by weight

Particulate, milligram

per liter

Density, grams per

milliliter at 77°F (25°C)

Ammoltla (NH3) , % by

weight

98.3 rain 99.42

1.5 max _ 0,48

I0,0 n;;LX 0.97

0.870 to 0.874 0.873

Not tcquRed 0.I0

B

27



Table B-3. Assay of nitrogen tetroxide used in material

¢ompatibillty test program

MSC-PPI).2B As,_y of N204

C_m+tituetlt ur _+clfic_tiun prior to flllin_
property limits capsules

Nitrosen tetroxidc 98.50 99.36

(N204) a_,say,?, by
weight

Nitric oxide (NO) 0.8 + 0.20 0.60

assay,'_ by welg,ht

Water equivalent, 0. l0 mux 0.06

by wcis]lt

Chloride (NOL'I), 0,08 max . 0,01 ND

assay__ by weisht

Ash, _ by weight ..... " 0.0| ND

i!
I
L
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Appendix C

Summary of Posttest Analyses and Results
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Table C-3. Poittest analyses of hydrazlno control=

An_lysb of propdlunt

Duration Pressuru, Decom-

Spcetnlen of test, N/cm 2 position° CI" + F', (.:02, tl20 ,
nunlbc,r day_ 430C _ m8 in_]8

2071a 3788 1,47 0.14 ND 48

2097u 3619 1,41 0.14 ND 52

2099a 3633 1,63 0,17 ND ...

3351 b 2641 Z63 0.14 ND 35

3353 h 2641 2,73 0.14 0.02 32

Analysis of gas

NH 3, N2+ It3, NIl 3,
_ c¢ STP cc STP

n20 cc of MIL-P-26536B hydrazine.

b40 cc of VL-75 pnrified Ilydra/ine.

ND = none detected.

0,43 0.13 2,14 34,26

0,58 0.13 1,83 34,26

0.54 0,16 2.29 42,16

0,65 0,14 3,25 73,78

0,77 0.13 3,85 68,52
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ORIGINAL PAGE IS
OF POOR QUALITY

Surfaces Exposed to Nitrogen Tetroxtde

L_ 1130 L/V 304L HAZ 500,_

Fig. D-3. Specimen 1130, 304L, heat affected zone, 500X. Thin, irregular film

500X

Fig. D-4. Specimen 0896, Ti6AI-4V, 500X. Thin, irregular film,

minor cra_king and pitting
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Surfaces Exposedto iVlonomethylhydrazine

Fig, D-5. Specimen 1499, 6061-T6AI, 500X. Thin firm with cracking
and ftaking

Fig. D.6. Specimen 1527, 304L, 500X. Unbroken surface fi|m
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OF PO_R QU;tLtl_

Surfaces Exposed to Hydrazina

Fig. D.7. Specimen 0073, 2014-16AI, 500X. Thin.to-moaerata film

=howlng evidence of erosion, not lurfa_e pitting

Fig, D-8, Spe_,imen 3155, 3fJ4L, 500X. Surface virtually untouohed
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Surfaces Exposed to Hydrazine
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Fig. D-9. Specimen1975, 347, 500X. Corrosion at areaof higheststress

Fig. D-10. Specimen0191, Ti6AI-4V, 500X. Unbroken surface film
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